BACKGROUND: Patients at risk for generating high health care expenditures often receive fragmented, lowquality, inefficient health care. Guided Care is designed to provide proactive, coordinated, comprehensive care for such patients. OBJECTIVE: We hypothesized that Guided Care, compared to usual care, produces better functional health and quality of care, while reducing the use of expensive health services. DESIGN: 32-month, single-blind, matched-pair, cluster-randomized controlled trial of Guided Care, conducted in eight community-based primary care practices. PATIENTS: The "Hierarchical Condition Category" (HCC) predictive model was used to identify high-risk older patients who were insured by fee-for-service Medicare, a Medicare Advantage plan or Tricare. Patients with HCC scores in the highest quartile (at risk for generating high health care expenditures during the coming year) were eligible to participate. INTERVENTION: A registered nurse collaborated with two to five primary care physicians in providing eight services to participants: comprehensive assessment, evidence-based care planning, proactive monitoring, care coordination, transitional care, coaching for selfmanagement, caregiver support, and access to community-based services. MAIN MEASURES: Functional health was measured using the Short Form-36. Quality of care and health services utilization were measured using the Patient Assessment of Chronic Illness Care and health insurance claims, respectively. KEY RESULTS: Of the eligible patients, 904 (37.8 %) gave written consent to participate; of these, 477 (52.8 %) completed the final interview, and 848 (93.8 %) provided complete claims data. In intention-to-treat analyses, Guided Care did not significantly improve participants' functional health, but it was associated with significantly higher participant ratings of the quality of care (difference=0.27, 95 % CI=0.08-0.45) and 29 % lower use of home care (95 % CI=3-48 %). CONCLUSIONS: Guided Care improves high-risk older patients' ratings of the quality of their care, and it reduces their use of home care, but it does not appear to improve their functional health.
INTRODUCTION
One quarter (24 %) of Americans have two or more chronic conditions. 1 Their health care is often fragmented, lowquality, inefficient and unsatisfactory to them and their physicians. 2 The Institute of Medicine has described chronic care in America as "a nightmare to navigate." 3 People with multi-morbidity are also at high risk for generating high health care expenditures: 96 % of the Medicare budget is spent on beneficiaries with multiple chronic conditions. and migrating health insurance from fee-for-service to "valuebased" will take many years. In the meantime, however, as millions of baby-boomers are reaching retirement age each year, near-term improvements may be achievable by developing and adopting clinical models that improve outcomes for high-risk people with multiple chronic conditions. Some such models have shown promise, [7] [8] [9] [10] [11] [12] while others have either failed 13 or have not yet been tested rigorously.
14 Guided Care is a new model of comprehensive, interdisciplinary care that comprises primary care-based care management, transitional care, and support for self-management and family caregiving. An interdisciplinary team developed this model by identifying from the scientific literature several successful complementary chronic care innovations and combining them into a single model of care that could be adopted widely by primary care practices.
In Guided Care, a registered nurse partners with two to five physicians in a primary care practice to provide 50-60 highrisk multi-morbid patients with eight services: home-based assessment of patients' needs and goals, evidence-based care planning, proactive monitoring, care coordination, transitional care, coaching for self-management, caregiver support, and access to community-based services. 15, 16 The present paper reports the final results of a 32-month study designed to test the hypothesis that Guided Care teams, compared to usual care teams, produce better functional health (primary outcome) and quality of care for their patients with less use of expensive health services (secondary outcomes). Patients were randomized by cluster (i.e., by team of physicians), to acknowledge that Guided Care is a team-level intervention and to minimize contamination across groups.
METHODS
During 2006-2009, we conducted a matched-pair, clusterrandomized controlled trial of Guided Care versus usual care in eight community-based primary care practices operated by three large delivery systems in urban and suburban Baltimore, MD and Washington DC. Six of the practices housed two teams apiece (2-5 physicians per team); two of the practices, selected for their similarities (in panel size, geography, and payer mix), housed one team apiece. Three of the practices relied on capitated payments, while five received primarily fee-for-service payments. Additional study details have been published previously. 15, 17 The study was approved by the Institutional Review Boards of the Johns Hopkins Bloomberg School of Public Health, Kaiser Permanente Mid-Atlantic States, and MedStar Physician Partners.
Selection of Physician Teams
Within the three health care delivery systems, teams of primary care physicians with aggregate panels of at least 400 patients aged 65 years or older and on-site office space for a Guided Care nurse were eligible for the study. Physicians within these teams were eligible to participate if they were board-certified general internists or family physicians who provided patient care at least 28 h per week. All 49 eligible physicians within the 14 eligible teams agreed to participate.
Recruitment of Nurses
We used traditional media to solicit applications from local registered nurses with at least 3 years of clinical experience. Applicants with experience in geriatric nursing, interest in counseling patients in self-management, and comfort with interdisciplinary team practice and information technology were given preference. Among the seven nurses hired, all were female, three were African-American, and four were white. The average age was 45 years (range=32-57 years); the average nursing practice experience was 16 years (range=4-31 years).
Recruitment of Patients
Patients of the participating physicians were selected for initial screening if they were age 65 years or older and covered by fee-for-service Medicare Parts A and B, a Kaiser Permanente Medicare health plan, or TriCare insurance (for retired military personnel and their dependents). Patients' health insurance claims from the previous 12 months were analyzed using the Hierarchical Condition Category (HCC) predictive model, which uses diagnosis codes to estimate a person's risk for generating high health care expenditures during the coming year. 18 Patients were potentially eligible if their HCC risk ratios were in the highest quartile of the population of older patients covered by their health care insurer.
High-risk patients were initially contacted by mail. A professional interviewer then called those who had not "opted out" to describe the study, answer questions, and offer an in-home enrollment meeting. Interviewers then visited the homes of receptive patients to describe the study further, answer questions and obtain written informed consent. Potential participants were deemed ineligible if they did not have a telephone, did not speak English, were planning extended travel, or failed a brief cognitive screen and did not have a proxy who could provide consent.
Randomization
Each team of physicians and their participating patients comprised a "pod." The study's statistician, blinded to the identities of the pods, used a random number generator to assign one pod from each pair (matched by practice) to the Guided Care group and the other to the "usual care" control group. Group assignments were concealed until patient recruitment was completed.
Intervention
Before beginning practice, the seven nurses took a Guided Care preparatory course, 19 and each completed a structured orientation to her assigned practice. 20 At the rate of two patients per week, each nurse built a case load of 50-60 patients, each of whom received the eight Guided Care services throughout the study. 15 The nurses received feedback on defined elements of their performance at monthly meetings with the research team. Participating physicians received an orientation to the nurses' role and to the nature of the study, but no compensation for participating or incentives for attaining specific outcomes for their patients. Patients in the control pods continued to receive "usual care" from their physicians throughout the study.
Measurements
To evaluate the effects of Guided Care from the perspectives of all of the stakeholders involved in chronic care, we used a broad range of measures. Before randomization, in early 2006, professional interviewers conducted face-toface, in-home interviews to assess participants' functional health, quality of health care, sociodemographic characteristics and chronic medical conditions. During April to June of 2009, professional interviewers, who were masked to group assignment, conducted final computer-assisted telephone interviews that incorporated these same measures of functional health (the Short Form [SF]-36, version 2 21 and quality of care (the Patient Assessment of Chronic Illness Care 22 and components of the Primary Care Assessment Survey (PCAS) 23 ). Participants' health insurers provided data on health services utilization. The National Death Index provided mortality status and dates of death.
Statistical Power
The pre-recruitment power analysis, based on simplifying assumptions, indicated that 580 participants would need to complete the final interview to provide greater than 80 % power to detect clinically significant, three-point differences on the physical and mental health components of the SF-36. 24 
Analysis
Missing baseline interview responses were addressed by generating five imputed data sets 25 and combining inferences across them. We computed all scale scores as recommended by the scales' originators, and analyzed all data according to the "intention-to-treat" principle. We compared study groups' baseline covariates within pairs of pods by testing jointly the significance of interaction terms in regression models with pair-specific intercepts and interaction terms that included pair and group assignment. We also compared the baseline covariates of the study completers and non-completers by testing jointly the significance of interaction terms in regression models with pod-specific intercepts and interaction terms that included pod and completion status.
To estimate the effect of Guided Care on the quality of care and on patients' functional health (the study's primary endpoint), use of health services and satisfaction with primary care, we used a two-stage analytic approach that accounts for clustering and imbalances in covariates at baseline. In the first stage, we used a model-based standardization procedure to estimate the pod-specific mean outcomes, setting the distribution of baseline covariates for each pod equal to the overall distribution of covariates for its matched pair. In the second stage, these pair-specific means (and their estimated variances) were used to estimate (using the Bayesian formalism) the overall treatment effects using two-level hierarchical models, a technique used in meta-analysis. 26 This two-stage approach was fit for each of the five imputed baseline data sets. The posterior samples for the five analyses were combined. Based on the combined samples, the posterior mean and the 95 % posterior percentile interval for the overall treatment effect are reported for each endpoint. The two-stage approach was implemented using the statistical software packages R (Version 2.14.0, R Foundation for Statistical Computing, Vienna, Austria), Stata (Version 10.0, StataCorp LP, College Station, Texas) and OpenBUGS. 27 Additional methodological details are available in the online appendix.
RESULTS
As shown in Fig. 1 , we screened 13,534 patients in 14 pods and offered study participation to the 2,391 (17.7 %) who were eligible and available. Of these, 904 (37.8 %) gave informed consent and were allocated to receive either Guided Care (n=485) or usual care (n=419). The study participants' baseline characteristics are shown in Table 1 . Participants' responses to each of the baseline interview items were more than 99 % complete, except for the question about finances (96 % complete). Pair-stratified analyses of the participants' baseline characteristics showed that the two study groups were similar, except for statistically significant differences in finances (p=0.005), HCC score (p < 0.001), difficulty with two or more instrumental activities of daily living (IADLs) (p=0.03), SF-36 physical health (p<0.001) and mental health (p= 0.005) scores, PCAS integration scores (p=0.03) and satisfaction with their regular health care team (p=0.008).
As shown in Fig. 1 , 274 (56.5 %) of all Guided Care recipients and 203 (48.4 %) of all usual care recipients completed the final interview. Pod-specific completion rates ranged from 44.0 % to 65.7 % across Guided Care pods, and from 38.1 to 57.8 % across control pods. Pod-stratified comparisons of baseline characteristics showed that, compared to participants who completed the study, non-completers were significantly older (p=0.01), had worse SF-36 physical health (p=0.03) and mental health (p=0.003) scores, and were more likely to be African-American (p<0.001), to use health services heavily in the coming year (p=0.001), and to have difficulty with two or more IADLs (p=0.001).
Complete claims data were available for 92.0 % and 95.9 % of the Guided Care and usual care participants, respectively. The pod-specific rates ranged from 80.3 % to 98.6 % for Guided Care pods, and 91.7 % to 98.8 % for control pods. As shown in Table 2 , Guided Care had no statistically significant effects on self-rated health or on scores on the SF-36 mental health or physical health subscales. There were also no significant differences in mortality (OR=0.88: 95 % CI: 0.59-1.31).
As shown in Table 3 , after 32 months, the adjusted aggregate quality of chronic care was significantly higher with Guided Care than with usual care (difference = 0.27; 95 % CI: 0.08-0.45). Guided Care recipients were also more likely to report "excellent or very good" access to telephone advice (OR=1.66; 95 % CI: 1.02-2.73). The differences between the study groups on the other two quality of care subscales (PCAS communication and integration) and the other three individual quality of care items (access to "same day" appointments, satisfaction with primary care, and "wait time" for appointments) all favored the Guided Care group, but these difference were not statistically significant. Table 4 shows the participants' adjusted mean annual per capita rates of use of health services, as well as the adjusted "Guided Care: usual care" ratios of service use. Compared to the usual care group, the Guided Care group used home health care at a 29 % lower rate (ratio=0.71; 95 % CI: 0.51-0.97). The Guided Care group had fewer hospital admissions (6 % reduction), 30-day hospital re-admissions (13 % reduction), skilled nursing facility days (26 % reduction), and primary care visits (1 % reduction), as well as 2 % more specialist visits and emergency department visits, but none of these differences were statistically significant.
DISCUSSION
Data from this 32-month, matched-pair, cluster-randomized study do not support the hypothesis that Guided Care improves high-risk, older patients' functional health. The data do support the hypotheses that Guided Care improves such patients' perceptions of the quality of their health care, as well as their access to telephone advice. These data also indicate that Guided Care significantly reduces such patients' use of home health care.
Previously published data from this study showed Guided Care's initial improvements in patients' perceptions of the quality of their care were sustained through 18 months. 28 Other analyses have shown that Guided Care improves primary care physicians' satisfaction with some aspects of chronic care, 29, 30 and family caregivers' ratings of the quality of chronic care. 31 Several factors may underlie the observed lack of significant effect on patients' functional health and use of some health services: inadequate potency of the initial version of the Guided Care model tested, the considerable heterogeneity in the implementation of the model by the individual nurses and physicians on the seven different intervention teams, and inadequate statistical power to draw inferences about the intervention's effects on health care utilization. A much larger number of pods would have been needed to determine whether Guided Care accounted for the observed reductions in hospital admissions, 30-day hospital re-admissions and skilled nursing facility days. Contamination of the control group is unlikely, because the services provided by the nurses were not available to the control pods. This study has several other limitations. The generalizability of its findings is limited by its geographic location (urban and suburban mid-Atlantic U.S.) and the relatively low consent rate (37.8 %), which is common in randomized clinical studies of health care for frail older people. 32 Privacy protections prevented access to data about the characteristics of the study's non-consenters, but similar studies suggest that the consenters were probably younger, healthier and better educated than non-consenters. 32 Finally, incomplete follow-up (52.5 % of the randomized participants completed the 32-month interview) could have biased the study's results if there were unmeasured differences between completers and non-completers that we could not account for in our regression models. Furthermore, the higher percentage of non-completers in the control group, coupled with the tendency for non-completers to be older, sicker, more disabled and more likely to use health services heavily, may have biased the study's final results in favor of the control group.
Allowing for these limitations, Guided Care appears to improve the quality of chronic care, but its potential for controlling the utilization and costs of health care remains uncertain. The significant savings from reductions in the use of home health care would help to offset the costs of the intervention, but concomitant reductions in the use of hospitals and skilled nursing facilities (suggested, but not statistically significant in this small sample) would probably be necessary for the model to show cost-neutrality or reduce high-risk patients' net health care costs.
The results from the present study are consistent with the modest findings from other recent controlled trials of alternative models of comprehensive, interdisciplinary primary care for high-risk patients. For example, during the second year of a two-year, cluster-randomized trial, the more intensive GRACE (Geriatric Resources for Assessment and Care of Elders) model significantly reduced hospital admissions and emergency department visits (but did not affect overall health care costs) among high-risk, low-income seniors. 7, 8 Similarly, recent studies of other primary care-based interventions for high-risk patients have reported significant improvement in one or two, but not all three, of the components of "the triple aim:" quality of care, health, and health care costs. 12, 33 High-quality studies of various versions of the "patient-centered medical home" have shown improvement in the quality of care or in some clinical outcomes, but none has shown a significant reduction in net health care costs. 33 The national Medicare Care Coordination Demonstration 34 showed few improvements in the quality of care; 13 four of its 15 demonstration sites showed significant reductions in hospital admissions for high-risk patients, but the costs of the interventions at these sites were equal to the savings generated by the reductions in admissions over six years. 35 What lessons can we learn from this body of recent research that will help inform the next generation of comprehensive, interdisciplinary primary care for high-risk patients? Certain core features are common to many of the more successful models, including: systematic identification and intensive care management (including frequent face-toface contact) of high-risk patients; primary care physicians collaborating with on-site registered nurses and other staff (all working in redefined roles "at the tops of their licenses"); health information technology that facilitates coordinated care; engagement of patients and their family caregivers in evidence-based health education and selfmanagement; easy 24/7/365 access to primary care for emerging problems; well-coordinated transitional care following hospital discharges; comprehensive medication management; and the integration of community-based support services into health care.
Unfortunately, even models that have provided various combinations of these features have produced only modest improvements in clinical and financial outcomes. A fatalistic interpretation of these results could conclude that even more powerful models for providing chronic care will not be able to produce better outcomes for patients with multiple chronic illnesses. An alternative, more optimistic view holds that the research completed so far represents a solid foundation that has included some success and has provided valuable insights for the development and testing of new and better chronic care models for the future.
Supplemental features which have not yet been well tested empirically, but which could facilitate better outcomes in care models of the future include: judicious use of home telemonitoring; close supervision of nurse care managers' activities to ensure adherence to established priorities; aggressive quality improvement processes that focus on the care of high-risk patients in primary care practices; and meaningful, risk-adjusted financial incentives for providers who deliver high-quality care and achieve above-average outcomes with high-risk patients.
In the near term, accountable care organizations, comprehensive primary care providers, medical homes, and other health care delivery organizations seeking to provide efficient, high-quality care for high-risk patients are positioned to test next-generation chronic care models that integrate the core features of the more successful models with the supplemental features listed above. Careful, pragmatic studies of such new models, technologies and payment schemes will be essential in addressing the clinical and economic challenges of an aging society.
